A single continuous function as a model for fast rise exponential decay gamma-ray bursts by Logue, Daniel B
Mississippi State University 
Scholars Junction 
Theses and Dissertations Theses and Dissertations 
12-9-2006 
A single continuous function as a model for fast rise exponential 
decay gamma-ray bursts 
Daniel B. Logue 
Follow this and additional works at: https://scholarsjunction.msstate.edu/td 
Recommended Citation 
Logue, Daniel B., "A single continuous function as a model for fast rise exponential decay gamma-ray 
bursts" (2006). Theses and Dissertations. 255. 
https://scholarsjunction.msstate.edu/td/255 
This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at 
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of 
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com. 
A SINGLE CONTINUOUS FUNCTION AS A MODEL FOR FAST




Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Physics
in the Department of Physics and Astronomy
Mississippi State, Mississippi
December 2006
A SINGLE CONTINUOUS FUNCTION AS A MODEL FOR FAST





John Patrick Lestrade James A. Dunne
Professor of Physics and Astronomy Associate Professor of Physics and




Assistant Professor of Physics and Astronomy
(Committee Member)
_________________________________ _________________________________
David Monts Philip B. Oldham
(Graduate Coordinator) (Dean of the College of Arts and Sciences)
Name: Daniel B Logue
Date of Degree: December 9, 2006
Institution: Mississippi State University
Major Field: Physics and Astronomy
Major Professor: Dr. John P. Lestrade
Title of Study: A SINGLE CONTINUOUS FUNCTION AS A MODEL FOR FAST
RISE EXPONENTIAL DECAY GAMMA-RAY BURSTS
Pages in Study: 75
Candidate for Degree of Master of Science
A quantitative analysis was performed on a sample of Fast-Rise Exponential-
Decay gamma-ray bursts using a continuous fitting function.  The data were obtained
from the Large Area detector catalogue of the Burst and Transient Source Experiment,
which flew from 1991-2000 onboard the Compton Gamma-Ray Observatory.  The
purpose here is to tabulate from the fits quantities associated with gamma-ray bursts,
emphasising peak intensity, duration, and characteristic rates of rising and falling.
V/Vmax and duration analyses show that the sample of bursts is representative of the
larger population of gamma-ray bursts.  A modified asymmetric double sigmoidal was
found to fit the background subtracted peaks for the majority of bursts.  From the
regressions the amplitude, duration and rising and falling characteristic times are defined
for each burst, as well as a value describing the asymmetry of the peak.  These values are
compared with each other and with catalogued values of duration and V/Vmax.
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Gamma-ray astronomy is the observation of high-energy (>100 keV) photons
emitted by highly energetic processes of cosmic origin (Fichtel et al., 1981).  To study
light of such short wavelength, which scatters easily in air, one must deploy observatories
above the Earth’s atmosphere.  The first gamma-ray burst detections were a result of
satellites deployed to monitor Earth-based nuclear bomb tests (Klebesadel, 1973).
In space, the instruments detect a poissonian background of gamma-rays in
addition to a handful of non-random discrete x-ray and gamma-ray sources.  About once
per day the observed intensity of gamma-rays rises to levels high above the noise of the
background for a period of time.  These transient gamma-ray events that are not caused
by local, known gamma-ray sources are referred to as gamma-ray bursts (GRBs).
1.2 Gamma-Ray Bursts
GRBs are events that are marked by a large increase in the flux of gamma-rays
with durations from hundredths of a second to thousands of seconds.  As measured by
T90, which is the time elapsed during the middle 90% of the burst counts, the distribution
of burst durations in the BATSE catalogue is bimodal with lognormal populations
centered on 0.33 seconds and 26 seconds (Figure 1), referred to as short and long bursts,
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respectively (Kouveliotou et al, 1993).  This thesis focuses on a subset of long bursts and
uses exclusively the DISCLA BATSE data type.
log T90











Figure 1:  Histogram of durations T90 for the BATSE 4B catalogue
1.3 GRB Time Profiles
The typical time profile for an individual BATSE GRB is represented as a time
series of the intensity of recorded gamma-rays in counts per second (C/s).  GRBs vary in
intensity, and often have many peaks.  Many burst time profiles have very chaotic
structures with internal timescales that are small in proportion to the burst duration, an

















Figure 2:  GRB 920110: A complex GRB
GRB time profiles come in many different shapes, often with many distinct peaks,
and most cannot be easily classified by visual analyses.  From the time profiles, values of
peak flux and fluence can be determined, quantities related to the luminosity and distance
of the source.  As mentioned previously, the duration measure T90 for each GRB is
defined as the total time for the integrated counts to increase from 5% of the total burst
counts to 95%.  A value of T50 is similarly defined, and both of these values are provided
in the BATSE 4B catalogue (Paciesas et al, 1999).
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1.4 FREDs
  Approximately 1 out of 7 GRBs have a simple shape that is recognized by a
quickly rising flux and a smoothly decaying “tail”.  These bursts are referred to as the
Fast-Rise Exponential-Decay (FRED) class of GRBs.  FREDs are time asymmetric, and
although the decay of the intensity in the latter portion of these bursts appears
exponential, Hao (2000) showed that it more closely follows a power law.  In this thesis
the FRED acronym will continue to be used.  The FREDs analyzed in this thesis are all























Figure 3:  GRB 930217: A typical FRED.
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1.5 Purpose
In this work a single continuous function was sought that would simultaneously
fit the rise as well as the fall of each FRED.  The function will allow for the tabulation of
values of fitted parameters that describe FRED morphologies.  Past studies describing the
time profiles of FREDs have used functions to describe the rise or fall of FREDs but not
both simultaneously.  As an example, Hao (2000) used a power law to fit the decay
portion of GRBs.  Here we fit the entire burst to examine the interplay between the rise
and the fall.  In particular, the peak becomes an amalgamation of the rise and fall
functions.
A table of parameters will allow for comparisons to be made between fitted
values and other GRB measurables, which exist for a larger population of bursts, and as
such could allow for extrapolation of results.
Histograms will be produced to search for clustering of fitted values.  These





2.1 Choosing a Model
For this research a suitable continuous function was chosen as a model to describe
time profiles in the FRED class of GRBs.  The function, described in Section 2.4,
contains a single peak, variable asymmetry in time, and approaches zero as time is
increased or decreased in relation to the peak center.  The function has a post-peak
decline that is closely related to an exponential decay.  The resulting fits provide rise and
fall rates of individual FREDs, which are compared with other FRED attributes.
2.2 Data
The time profiles in this thesis were obtained from the BATSE 4B catalog.  These
data were recorded by the Large Area Detectors (LAD) on BATSE on-board the now de-
orbited Compton Gamma-Ray Observatory. One detector module is shown in Figure 4.
The BATSE 4B catalogue was screened visually to obtain long bursts with FRED
characteristics.  A sample of 191 long burst FREDs was hand selected.  The time profiles




Figure 4:  BATSE module: Eight identical modules on the CGRO
The formatted GRB data used in this thesis consist of gamma-ray counts per
second reported in 1.024 second intervals until 2 seconds before the trigger, an event that
is marked by a rise in the observed count rate that is 5.5 sigma above background, at
which point the experiment records flux data in 64 ms time bins for several minutes,
thereby increasing the temporal resolution of the GRB observation.
2.3 PEAKFIT
The PEAKFIT2 program by SPSS was chosen as a tool to find the regressions of
the burst data because it utilizes a non-linear fitting method that finds the model derived
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coefficients that give the greatest value of r2.  This program uses a simple graphical
interface that allows the user to include necessary information from the source file, and
fits the peak and the background models simultaneously.  The program allows the user to
enter an equation with up to five variables to be the user-defined model.
2.4 ADS as a FRED Model
The asymmetric double sigmoidal (ADS) function was found to accurately
describe the sample of FRED GRBs.  Equation 1 represents a peak that is asymmetric in
time, and contains two time-variable factors that each contains an exponential.
              (1)
These characteristic times, A2 and A3, describe the rise and fall of the resulting
function, respectively, but are not exclusive in doing so, as shown in Figure 5. The two

















Figure 5:  An example of the rising and falling sigmoidal terms, with the resulting ADS.
A0=1, A1=10, A2=1.1, A3=10, A4=0.
This function contains two offset terms, A1 and A4.  A1 is the translation from
zero on the time axis (offset), and A4 is a “spread” term.  Figure 6 shows the effect of























Figure 6: Effect of the spread term A4, A0 equals unity and A1=A4/2
2.5 Modified ADS
It was found that the spread term A4 was very close to zero for most of the
FREDs in the preliminary trial.  Using a value of zero for A4 produces equation 2.
(2)
This modified asymmetric double sigmoidal (MADS) function was used to obtain
fits of all FREDs in this work.
The two variable terms in the proposed model, shown in Figure 4, are sigmoidal
functions interacting to create a peak with a rise time that is dominated by one of the
components, especially early in the rising portion of the FRED, and a fall time that is
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dominated by the other component, increasingly so as the burst progresses.  The rising
and falling terms can be viewed as a system input and a system damping term,
respectively.  An A4 value of zero seconds implies that there is still “burst energy input”
into the system as the damping mechanism begins. In this fashion the MADS function
allows for an explanation as to why the decay portion of FREDs are noticeably non-
exponential as described by Hao.  Specifically, it provides evidence that the energy input
mechanism is still occurring after the profile has reached the peak.
It is also noticed that if A2 is much less than A3 the MADS rising term reaches
unity and the burst decay is from then on described by the falling term.  For MADS that
contain A2 and A3 values of similar magnitude, the rise and fall regions are less distinct.
The ratio of the coefficients of falling and rising in the individual sigmoidal terms
is a simple way to classify the asymmetry of the burst.  The ratio A3/A2 is an indication
of the skewness of the profile. This ratio increases (decreases) as the burst asymmetry
becomes more positively (negatively) skewed.  It is easily verified that if A2 is equal to
A3, Equation 2 is reduced and creates a time profile that is symmetric in relation to the
peak (Figure 7).
It is important to note that for the MADS function A0 is a “ceiling” value, though
the function will never equal this value.  This term, though proportional, is not the value
of the function maximum (amplitude).
The value of A1 is the time at which both the rising and falling terms are equal to
0.5, as shown in Figure 4.  Due to this fact A1 must not be mistaken for the time at which
















Figure 7:  Three examples of MADS functions with equal amplitudes and varying
ratios of A3/A2
2.6 Overview
Of the 191 FREDs, 94 consist of a single, easily visible peak, and are well fit by
the chosen model, an example of which is shown in Figure 8.   Of the remaining bursts,
19 contain two distinct peaks, and are well fit by two MADS (see Figure 9).  If a single or
double MADS did not fit the data, the burst was placed into a separate category for future
study.  Polynomial backgrounds of the bursts were fit simultaneously with the peak.  To
accomplish the fit, burst data were selected to be inclusive of background observations
13
that are obviously far from the beginning and end of the FRED. See appendix A for






















Note:  The data are fit by a MADS (dark line), added to the background (also shown)
Figure 8: Data from a FRED, GRB 930217, shown in dots, that are well fit by a single




















Figure 9:  A distinctly double-peaked FRED fit simultaneously by two MADS
(GRB 910802B)
The fitted data provide parameters describing a theoretical curve from which
further values such as amplitude, tmax, and pulse durations can be obtained for each
MADS.  As mentioned in Section 1.3, the T90 value of a burst is the time needed for the
time integrated counts to change from 5% to 95% of the total counts in the burst, and the
T50 value represents a 50% change similarly centered.  One can calculate these durations
from the fits, as well, which will herein be called D90 and D50, and can be used to obtain
morphological properties of bursts in relation to distance.  These values can be measured
graphically as the time containing 90% and 50% of the area of the MADS time profile.
15
2.7 Table of Parameters
BATSE trigger numbers and values of parameters A0 through A3 for the 132
peaks fit are shown as Table 1.  Errors for these parameters are given in Section 2.13.
Table 1
MADS parameters for 114 FREDs
Trigger
No.
A0 (C/s) A1 (s) A2 (s) A3 (s)
Trigger
No.
A0 (C/s) A1 (s) A2 (s) A3 (s)
204 5883 0.08 0.70 2.04 2947 4455 1.02 3.70 6.22
493 13735 0.23 0.35 0.82 3005 5260 -0.27 0.48 5.68
501 7443 -0.52 0.16 2.30 3074 2163 -1.58 1.08 11.19
516 9362 -0.45 0.89 2.28 3168 3486 -1.75 0.94 5.27
563 14383 -0.05 0.33 6.38 3193 5415 -1.33 1.82 12.37
577 5777 0.05 1.25 8.58 3229 5840 -1.32 0.15 1.78
727 12613 0.13 0.49 0.99 3503 11129 1.02 0.79 1.52
764 6191 -1.66 0.97 6.22 3789 16992 -0.06 0.15 1.89
824 5422 0.69 1.89 13.42 3792 4604 -0.60 0.26 1.97
1039 13036 2.82 1.24 3.36 3805 4894 -0.41 0.53 5.88
1071 17512 0.44 0.51 1.19 3819 5242 -0.38 0.32 9.83
1126 4725 -0.59 0.22 4.43 3869 11386 0.08 0.58 1.58
1200 13756 3.00 1.83 4.49 3899 2959 -2.06 2.11 6.97
1306 4979 -1.17 0.36 2.61 4653 10229 1.43 0.87 1.89
1406 17728 0.76 0.72 6.47 5411 9424 0.63 0.88 3.04
1446 5374 2.47 2.78 5.14 5415 11012 1.12 1.11 5.42
1452 6077 -0.98 0.17 4.92 5427 18243 2.91 1.46 1.89
1467 22106 2.57 0.90 4.02 5433 34517 1.47 0.69 1.28
1472 13834 0.57 0.81 5.23 5434 6082 -0.32 0.46 3.46
1515 8521 0.29 0.72 6.29 5516 2467 -2.99 1.51 8.28
1552 2280 -2.34 1.60 12.66 5517 16452 0.11 0.42 1.58
1558 2511 -1.74 0.31 4.74 5531 17512 3.18 1.59 3.99
1559 5397 -0.33 0.89 10.57 5539 12922 -0.95 0.29 2.22
1561 4739 -0.36 0.41 7.66 5541 12763 0.10 0.67 2.84
1657 4238 1.63 1.83 2.73 5545 17624 0.00 0.09 1.47
1693 2949 -0.86 0.39 3.31 5555 3567 -0.29 1.64 14.63
1700 9062 0.01 0.22 1.97 5568 145588 1.42 0.16 1.17
1717 34144 3.34 1.04 1.35 469a 10200 -0.25 0.25 5.96
1742 10860 32.65 1.96 3.47 469b 36369 2.20 0.11 1.06
1883 43281 0.41 0.27 2.03 606a 12246 0.67 0.75 1.94
1885 4166 -1.67 1.52 16.53 606b 4549 5.89 0.31 5.10





A0 (C/s) A1 (s) A2 (s) A3 (s)
Trigger
No.
A0 (C/s) A1 (s) A2 (s) A3 (s)
2077 3120 -1.10 3.15 26.11 795b 7363 1.41 0.66 2.39
2087 18615 0.14 0.23 1.03 829a 52961 1.44 0.83 4.88
2102 13635 0.75 0.55 2.49 829b 18560 5.89 0.26 0.97
2105 6972 -0.46 0.13 1.39 1218a 9915 1.39 0.69 0.65
2119 6636 0.27 0.64 3.94 1218b 12449 4.17 0.85 1.58
2140 6208 -0.11 1.27 4.77 1580a 10956 0.00 0.31 1.78
2189 4298 5.40 3.80 5.01 1580b 1679 3.43 0.07 14.14
2191 5358 -0.24 0.55 3.28 2392a 5787 -1.08 0.53 2.42
2197 7569 0.97 1.08 9.09 2392b 2181 5.67 0.15 2.37
2219 10055 1.69 1.14 2.62 2482a 10795 -0.36 0.82 8.97
2252 4270 0.48 1.06 10.11 2482b 2560 8.58 0.52 4.50
2267 7383 -0.29 0.24 3.97 2603a 29645 8.16 2.54 0.70
2306 9136 -0.18 0.22 1.69 2603b 12821 9.56 0.47 6.73
2347 5267 -1.14 0.22 1.75 2665a 14745 0.33 0.49 2.59
2387 31167 2.69 1.35 9.03 2665b 1817 6.09 1.15 13.17
2391 2060 -2.47 0.97 5.79 2709a 18607 0.32 0.51 4.06
2423 3770 -1.12 0.68 4.17 2709b 7253 10.51 1.64 3.51
2432 11299 0.03 0.47 3.24 2898a 4608 -1.21 0.11 2.81
2472 2013 -2.52 1.07 10.33 2898b 2286 4.29 0.08 3.72
2484 11841 0.32 0.75 3.52 3040a 12780 0.04 0.24 2.61
2510 7314 0.93 1.42 3.17 3040b 3189 10.48 2.04 5.15
2560 5957 0.05 0.61 4.30 3119a 3208 10.09 0.83 2.79
2620 6798 -0.74 0.42 4.18 3119b 2469 -1.22 1.14 18.92
2636 2568 -0.97 0.21 10.86 3242a 44240 2.95 0.64 1.27
2660 6389 0.14 0.61 6.51 3242b 7853 -0.63 0.11 3.67
2662 9091 0.02 0.26 4.41 3527a 8821 -0.26 0.06 1.25
2664 3565 -1.29 0.78 9.51 3527b 4480 2.70 0.08 1.26
2695 2751 -4.61 2.63 13.65 3608a 18887 0.34 0.50 1.38
2706 11408 0.31 0.25 5.63 3608b 7892 4.51 0.19 1.75
2750 4219 -0.65 0.34 3.71 5474a 13835 4.58 1.36 2.92
2774 3442 -1.11 2.25 11.40 5474b 3894 -1.53 0.30 2.00
2775 2507 -3.23 0.76 3.87 5563a 171693 1.32 0.11 0.24
2815 10393 4.04 2.07 3.07 5563b 28191 2.22 0.93 0.46
2848 3208 -0.67 0.15 2.72
2880 23106 -0.01 0.11 1.12
Note:  Trigger numbers for double peaked FREDs are extended with a  or b  to
differentiate between peaks.
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2.8 Table of Background Parameters and Goodness-of-Fit (R2)
Listed below, as Table 2, are the values of the constant, linear, and quadratic
coefficients for the backgrounds of the 113 FREDs fit.  Also listed is the R2 for the fit.
Table 2

















204 0.60 8427 0.17 0 2662 0.80 9089 1.48 0
493 0.87 7600 1.67 0 2664 0.55 9318 -0.16 0
501 0.83 7370 -1.90 0 2695 0.54 7853 -3.05 0
516 0.74 7412 -2.44 0 2706 0.90 8532 0.23 0
563 0.90 11997 -0.44 0 2750 0.66 9680 -7.77 0
577 0.69 9826 0.41 0 2774 0.56 9102 1.32 0
727 0.77 13277 1.87 0 2775 0.31 8871 -3.43 -0.012
764 0.76 6753 0.87 0 2815 0.72 9866 0.27 0
824 0.65 12321 1.14 0 2848 0.29 8887 -0.41 0
1039 0.90 8676 0.26 0 2880 0.95 8245 -1.91 0
1071 0.79 8387 -0.75 0 2947 0.49 8467 -0.03 0
1126 0.50 10803 0.53 0 3005 0.68 7772 -0.04 0
1200 0.89 8559 -0.53 0 3074 0.31 9491 0.46 0
1306 0.43 12878 -3.10 0 3168 0.41 8639 0.25 0
1406 0.95 7650 1.75 0 3193 0.72 10113 0.24 0
1446 0.55 8647 1.87 0 3229 0.55 8839 1.12 0
1452 0.49 19794 1.61 0 3503 0.65 8593 -0.86 0
1467 0.97 8381 -0.13 0 3789 0.83 12494 1.89 0
1472 0.93 7505 -3.13 0 3792 0.63 9386 0.41 0
1515 0.73 13742 7.19 0 3805 0.63 9041 2.39 0
1552 0.37 8336 0.30 0 3819 0.74 9568 2.17 0
1558 0.36 7646 -1.86 0 3869 0.68 14532 1.56 0
1559 0.76 7555 0.06 0 3899 0.44 9700 -3.58 0
1561 0.68 9786 -3.34 0 4653 0.72 11103 3.12 0
1657 0.38 7708 -0.68 0 5411 0.85 8717 0.61 0



















1700 0.79 8679 2.08 0 5427 0.86 9129 -2.37 0
1717 0.95 8513 1.29 0 5433 0.96 11671 -6.26 0
1742 0.76 13523 -5.19 0 5434 0.69 9673 1.05 0
1883 0.97 8477 -0.91 0 5516 0.25 9082 2.84 0
1885 0.69 7927 1.02 0 5517 0.80 10421 2.14 0
1956 0.96 7979 -1.39 0 5531 0.90 9630 1.12 0
2077 0.56 8687 -2.99 0 5539 0.70 19326 -10.58 0
2087 0.80 8484 -1.08 0 5541 0.80 10281 3.61 0
2102 0.85 8287 0.44 0 5545 0.88 12267 -1.81 0
2105 0.53 8121 -1.20 0 5555 0.56 9824 -0.22 0
2119 0.66 9896 -0.80 0 5568 0.97 14246 -1.78 0
2140 0.69 7684 -0.67 0 469 0.97 12264 4.85 0
2189 0.51 7549 0.50 0 606 0.81 8665 0.42 0
2191 0.56 8039 0.32 0 795 0.78 7483 -0.26 0
2197 0.85 7907 0.71 0 829 0.99 11029 0.49 0
2219 0.74 8661 -5.24 0 1218 0.89 7494 0.46 0
2252 0.66 7321 1.39 0 1580 0.77 8112 -0.74 0
2267 0.76 8272 -1.77 0 2392 0.59 9522 -3.52 0
2306 0.67 8601 -1.48 0 2482 0.88 15360 -1.52 0
2347 0.26 15986 0.30 0 2603 0.96 8755 3.89 0
2387 0.98 8387 -1.05 0 2665 0.85 10600 1.80 0
2391 0.29 6870 -0.95 0 2709 0.93 13061 0.92 0
2423 0.44 8086 -0.99 0 2898 0.69 8134 -1.25 0
2432 0.79 11687 0.65 0 3040 0.89 8978 -1.20 0
2472 0.29 8575 -0.57 0 3119 0.61 10675 -2.70 0
2484 0.86 8562 -1.60 0 3242 0.99 8594 -1.89 0
2510 0.68 7565 -0.37 0 3527 0.78 7949 -1.09 0
2560 0.70 8525 -2.90 0 3608 0.91 9233 -0.23 0
2620 0.72 11893 -0.63 0 5474 0.88 13376 -2.92 0
2636 0.44 8233 0.27 0 5563 0.99 8938 -6.49 0
2660 0.74 8376 0.34 0
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2.9 Parameter A2
The parameter A2 in Equation 2 is the characteristic (e-folding) time of the
sigmoidal that describes the rising portion of the MADS, given here in units of seconds.
Figure 10 is the histogram of the values of A2 for the 132 MADS in the data set.  The
line is a lognormal fit centered on 0.64 seconds.
log A2











Figure 10:  Histogram of values of A2, characteristic rising time
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2.10 Time of Maximum, tmax
The MADS function contains information that explicitly defines the amplitude
and implicitly the time at which this value is achieved, tmax, as mentioned in Section 2.5
above.  Figure 11 shows that the values for tmax of all MADS were found to occur most
often near 0.5s after trigger, which is a direct effect of having a very narrow range of
values of A2 less than 1s, combined with the time translational constraints of the trigger.
One MADS has a tmax near 30s, and upon examination it is found that the FRED is the
second of two very distinct pulses of GRB 920804 and was not included in the histogram
analysis.
Tmax (s)











Figure 11: Histogram of tmax values
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2.11 Parameter A3
The parameter A3 in Equation 2 is the characteristic (e-folding) time of the
sigmoidal that describes the decay portion of the MADS, given here in units of seconds.
Figure 12 is the histogram of A3 values.  The lognormal distribution fit shows that the
most frequent value of A3 is 3.5s.
log A3









Figure 12:  Histogram of values of A3, decay time
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2.12 Parameter A2+A3
As will be shown below, the sum of rise and fall times, A2+A3, is another
measure of FRED duration. Figure 13 is the histogram detailing the values of A2+A3 for
the 132 MADS.  Here the data are well fit by a lognormal distribution centered at a value
of 4.2s.
log A2+A3










Figure 13:  Histogram of values of A2+A3
2.13 Table of Errors
Listed below, as Table 3, are the values of the standard deviation of the errors
reported by PEAKFIT for A0, A1, A2, and A3.  The errors of A1 and A2 are
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approximately 20% of the parameter value.  The errors of A0 and A3 are approximately
5% of the parameter value.
Table 3
Standard deviations of the errors for the 132 MADS
Trigger
No.





EA1 (s) EA2 (s) EA3 (s)
204 361 0.18 0.09 0.19 2947 267 1.32 0.76 0.78
493 529 0.06 0.03 0.05 3005 144 0.07 0.06 0.22
501 232 0.03 0.02 0.10 3074 137 0.36 0.41 0.97
516 364 0.15 0.09 0.14 3168 241 0.24 0.28 0.42
563 180 0.03 0.02 0.12 3193 186 0.23 0.26 0.57
577 169 0.15 0.13 0.35 3229 256 0.03 0.03 0.10
727 630 0.12 0.05 0.09 3503 468 0.17 0.07 0.12
764 185 0.11 0.13 0.22 3789 313 0.02 0.01 0.05
824 164 0.24 0.21 0.64 3792 349 0.08 0.06 0.21
1039 309 0.13 0.06 0.13 3805 196 0.10 0.08 0.35
1071 537 0.07 0.03 0.06 3819 127 0.06 0.05 0.35
1126 177 0.06 0.05 0.23 3869 574 0.13 0.06 0.12
1200 271 0.16 0.08 0.15 3899 336 0.82 0.73 1.09
1306 303 0.10 0.08 0.21 4653 475 0.19 0.08 0.15
1406 158 0.03 0.02 0.08 5411 307 0.12 0.06 0.15
1446 266 0.77 0.38 0.50 5415 218 0.09 0.06 0.16
1452 221 0.05 0.04 0.25 5427 315 0.21 0.08 0.10
1467 242 0.04 0.02 0.06 5433 604 0.06 0.02 0.04
1472 177 0.05 0.03 0.09 5434 232 0.08 0.06 0.19
1515 207 0.08 0.06 0.21 5516 220 0.66 0.58 0.89
1552 145 0.54 0.56 1.03 5517 426 0.04 0.02 0.06
1558 155 0.12 0.13 0.39 5531 311 0.13 0.06 0.11
1559 115 0.10 0.09 0.34 5539 451 0.05 0.03 0.11
1561 130 0.07 0.06 0.30 5541 322 0.07 0.04 0.10
1657 287 0.90 0.40 0.48 5545 341 0.01 0.01 0.04
1693 198 0.12 0.10 0.30 5555 153 0.28 0.28 0.89
1700 277 0.03 0.02 0.08 5568 1126 0.01 0.00 0.01
1717 401 0.10 0.04 0.05 469a 298 0.04 0.03 0.20
1742 385 0.37 0.14 0.24 469b 572 0.01 0.01 0.02
1883 320 0.01 0.01 0.02 606a 613 0.15 0.06 0.18
1885 113 0.22 0.25 0.70 606b 249 0.07 0.06 0.27
1956 322 0.03 0.02 0.04 795a 209 0.50 0.62 2.43
2077 112 0.53 0.54 2.37 795b 402 0.14 0.09 0.22
2087 485 0.02 0.01 0.04 829a 492 0.03 0.02 0.06










EA1 (s) EA2 (s) EA3 (s)
2105 289 0.03 0.02 0.08 1218a 1062 0.38 0.14 0.26
2119 262 0.10 0.11 0.19 1218b 1008 0.19 0.19 0.13
2140 238 0.19 0.14 0.25 1580a 373 0.04 0.03 0.09
2189 174 1.43 0.63 0.68 1580b 109 0.07 0.06 1.39
2191 224 0.10 0.07 0.19 2392a 393 0.13 0.09 0.24
2197 127 0.08 0.07 0.22 2392b 262 0.10 0.08 0.33
2219 383 0.20 0.09 0.17 2482a 225 0.08 0.06 0.49
2252 115 0.14 0.11 0.41 2482b 280 0.27 0.19 1.08
2267 168 0.03 0.03 0.12 2603a 612 0.05 0.06 0.05
2306 301 0.03 0.02 0.07 2603b 269 0.11 0.04 0.13
2347 398 0.08 0.06 0.17 2665a 557 0.07 0.03 0.24
2387 168 0.03 0.02 0.07 2665b 271 1.03 0.41 1.70
2391 210 0.47 0.46 0.64 2709a 437 0.04 0.02 0.29
2423 224 0.16 0.15 0.32 2709b 908 0.40 0.31 0.31
2432 267 0.05 0.03 0.10 2898a 233 0.04 0.03 0.25
2472 158 0.59 0.54 0.97 2898b 219 0.06 0.05 0.42
2484 245 0.06 0.04 0.10 3040a 302 0.03 0.02 0.15
2510 301 0.28 0.13 0.22 3040b 385 0.83 0.58 0.85
2560 190 0.09 0.06 0.19 3119a 368 0.37 0.20 0.45
2620 226 0.07 0.05 0.20 3119b 143 0.32 0.37 1.67
2636 97 0.08 0.07 0.63 3242a 764 0.06 0.02 0.05
2660 149 0.07 0.06 0.21 3242b 374 0.03 0.02 0.36
2662 173 0.03 0.03 0.12 3527a 320 0.01 0.01 0.07
2664 132 0.15 0.17 0.50 3527b 343 0.03 0.03 0.11
2695 167 0.84 0.65 1.07 3608a 678 0.07 0.03 0.08
2706 143 0.02 0.02 0.10 3608b 408 0.04 0.03 0.10
2750 205 0.08 0.07 0.26 5474a 1305 0.23 0.22 0.21
2774 168 0.40 0.44 0.78 5474b 642 0.22 0.13 1.26
2775 328 0.62 0.44 0.60 5563a 2912 0.01 0.00 0.01
2815 309 0.43 0.17 0.23 5563b 2417 0.12 0.09 0.04
2848 201 0.06 0.05 0.24
2880 363 0.01 0.01 0.02
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2.14 Table of Characteristics
Listed below, as Table 4, are the values of A3/A2, amplitude and tmax for the 132
MADS. Also included for reference purposes is the width at half-maximum for each fit.
Table 4















204 2.94 1808 1.01 4.2 2947 1.68 1185 3.30 16.7
493 2.33 3960 0.60 1.9 3005 11.96 2192 1.16 7.8
501 14.72 3189 -0.01 3.0 3074 10.36 883 1.49 15.7
516 2.56 2769 0.58 5.0 3168 5.58 1264 0.26 8.6
563 19.46 6355 1.11 8.1 3193 6.80 2049 2.96 19.0
577 6.88 2191 3.02 13.2 3229 12.21 2442 -0.88 2.4
727 2.01 3498 0.55 2.4 3503 1.92 3049 1.64 3.8
764 6.42 2315 0.56 9.7 3789 12.42 7121 0.41 2.6
824 7.12 2070 5.24 20.4 3792 7.68 1784 0.04 2.9
1039 2.71 3920 4.35 7.1 3805 11.07 2018 1.14 8.1
1071 2.32 5041 0.97 2.7 3819 30.86 2408 0.91 12.0
1126 20.06 2094 0.20 5.6 3869 2.71 3423 0.80 3.3
1200 2.46 4024 5.03 10.0 3899 3.31 940 1.07 13.6
1306 7.24 1908 -0.29 4.0 4653 2.18 2896 2.25 4.4
1406 8.98 7066 2.69 9.3 5411 3.44 3025 1.98 5.8
1446 1.85 1460 4.52 13.1 5415 4.90 3873 3.30 9.2
1452 28.92 2778 -0.30 6.0 5427 1.29 4636 3.33 5.8
1467 4.48 7606 4.25 7.0 5433 1.86 9388 1.98 3.3
1472 6.46 5179 2.43 8.2 5434 7.45 2343 0.82 5.2
1515 8.69 3377 2.21 9.1 5516 5.50 892 0.19 13.5
1552 7.93 889 1.72 18.7 5517 3.77 5416 0.80 2.9
1558 15.43 1082 -0.73 6.2 5531 2.51 5152 4.98 8.8
1559 11.85 2247 2.35 14.4 5539 7.74 5015 -0.23 3.3
1561 18.59 2084 1.08 9.8 5541 4.26 4336 1.30 5.0
1657 1.49 1100 2.47 7.8 5545 17.27 7691 0.29 1.9
1693 8.39 1162 0.17 4.8 5555 8.93 1420 4.10 21.1
1700 8.82 3601 0.61 2.9 5568 7.11 55576 1.82 1.8
1717 1.30 8678 3.64 4.2 469a 23.66 4589 0.70 7.4
1742 1.77 2920 33.98 9.1 469b 9.41 14612 2.51 1.5
1883 7.57 16728 1.08 3.0 606a 2.59 3635 1.55 4.2
1885 10.90 1713 2.73 22.9 606b 16.70 1978 6.93 6.6
1956 3.64 9133 2.80 4.9 795a 19.53 980 1.36 24.6

















2087 4.44 6390 0.56 1.8 829a 5.86 19414 3.26 7.8
2102 4.55 4710 1.78 4.3 829b 3.71 6084 6.32 1.8
2105 10.79 2863 -0.09 1.9 1218a 0.95 2480 1.35 2.4
2119 6.15 2458 1.71 6.2 1218b 1.86 3386 4.80 4.0
2140 3.76 2041 1.98 8.9 1580a 5.76 4001 0.67 2.9
2189 1.32 1095 6.57 15.3 1580b 212.81 826 3.84 15.8
2191 5.93 1970 0.98 5.2 2392a 4.59 2003 -0.08 4.2
2197 8.44 2984 3.78 13.3 2392b 15.79 942 6.17 3.1
2219 2.29 2887 2.85 6.0 2482a 10.91 4440 2.03 12.4
2252 9.58 1720 3.39 14.4 2482b 8.64 1014 9.95 6.5
2267 16.85 3213 0.51 5.1 2603a 0.28 9658 7.04 4.8
2306 7.64 3537 0.38 2.5 2603b 14.19 5468 11.08 8.9
2347 7.95 2054 -0.58 2.6 2665a 5.23 5267 1.35 4.3
2387 6.69 11754 5.85 13.9 2665b 11.49 753 9.49 18.1
2391 5.94 758 -0.33 9.2 2709a 8.01 7268 1.61 6.0
2423 6.11 1395 0.40 6.6 2709b 2.14 2044 12.03 8.3
2432 6.91 4289 1.15 5.0 2898a 25.14 2084 -0.78 3.5
2472 9.64 812 0.44 14.7 2898b 45.56 1075 4.65 4.4
2484 4.70 4124 1.76 6.0 3040a 10.71 5242 0.74 3.6
2510 2.24 2086 2.32 7.4 3040b 2.52 939 12.80 11.3
2560 7.08 2272 1.51 6.5 3119a 3.37 1024 11.34 5.4
2620 9.90 2754 0.44 5.9 3119b 16.64 1073 2.62 24.6
2636 52.92 1216 -0.02 12.7 3242a 1.97 12212 3.48 3.1
2660 10.59 2616 1.91 9.1 3242b 34.32 3632 -0.18 4.4
2662 17.21 3965 0.89 5.7 3527a 20.74 3922 -0.04 1.6
2664 12.21 1490 1.07 12.9 3527b 15.77 1935 2.97 1.7
2695 5.19 981 0.76 22.7 3608a 2.75 5699 0.97 2.9
2706 22.39 5107 1.24 7.1 3608b 8.99 3146 5.04 2.5
2750 10.96 1736 0.34 5.1 5474a 2.15 3904 5.85 6.9
2774 5.07 1221 3.41 19.1 5474b 6.64 1466 -0.83 3.1
2775 5.08 890 -1.70 6.5 5563a 2.14 48408 1.43 0.6
2815 1.49 2696 4.98 8.8 5563b 0.49 7847 1.83 2.3
2848 18.19 1408 -0.15 3.5
2880 10.45 9441 0.29 1.6
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2.15 Ratio of Parameters A3 and A2
The ratio A3/A2 is a measure of the asymmetry of the FRED, as described in
Section 2.5.  Figure 14 is the histogram detailing the asymmetries of the MADS.  The
lognormal fit shows that the most frequent value of A3/A2 is 6.7.
log A3/A2










Figure 14: Histogram of the ratio A3 to A2
2.16 Fitted Amplitude
From the fitted FREDs one can obtain values of the amplitude.  This quantity is a
model- constrained average of the actual values of flux near tmax.  Figure 15 presents the
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distribution of amplitudes in counts per second (C/s) for the 132 MADS, and the normal
fit.  The value of amplitude most often occurring is 2570 (C/s).
log Amplitude













Figure 15:  Histogram of the values of fitted amplitude
2.17 Measured Peak Flux
From the data for each FRED, one can measure the value of background-
subtracted peak flux at the 64ms timescale.  Figure 8 shows the data for GRB 930217
(BATSE Trigger Number 2197) and the MADS fit.  The amplitude is the maximum of
the dark curve, and the measured peak flux is the maximum value of the data, both of
which are expressed as background-subtracted values in counts per second.  It is easily
29
seen that the amplitude is less than the measured peak flux, in that the fitted value
smooths the noise within the constraints of the model.
As mentioned above, measured peak flux is a sum of the intensities of the source
and the background noise.  As shown by the lognormal fit in Figure 16, the bulk of
single-peaked FREDs have values of measured peak flux equal to 3450 C/s.
log Measured Peak Flux








Figure 16: Histogram of measured peak flux
These values of measured peak flux can be compared with the amplitudes of the
fit.  Comparing Figure 17, a histogram of amplitudes for the single-peaked FREDs and
normal fit centered at 2500 C/s, with Figure 16, it is seen that the most frequent value of
measured peak flux is about 1000 C/s higher than the most frequent value of amplitude.
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log Amplitude (single peak)












Figure 17: Histogram of amplitude for single-peaked FREDs
2.18 Calculated and Measured Peak Flux
The values of measured peak flux are plotted against amplitude for single-peaked
FREDs in Figure 18.  It is seen that the amplitude, especially for the bright bursts,
increases with, and follows closely, the measured peak flux, as expected.  The difference
in value is related to the random background (noise).  As mentioned in Section 2.17, the
amplitude will be greater than the measured peak intensity by a factor related to the noise
of the background.
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Note:  The solid line is y=x
Figure 18: Values of calculated amplitude vs. measured peak intensity for single-peaked
FREDs
2.19 Duration
The T90 distribution for the single-peaked FREDs is compared with that for the
entire population of BATSE bursts in Figure 19.   It is easily seen that the FREDs chosen
for this study are representative of the population of bursts described as long GRBs
(T90>2s).  Figure 19 shows that the sample set covers the central part of the range of the
BATSE long burst durations, and has a similar lognormal distribution.
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log T90











Figure 19:  Histograms of T90 for all BATSE bursts and the sample of FRED bursts
The value of T90 most often occurring in the sample set is 23s, given by the
lognormal fit, which corresponds well with the most frequent durations of the long burst
BATSE population.
2.20 Fitted Duration
The values of T90 are not always measurements of only the FRED-like main
peak, as the values are often extended due to secondary peaks outside of the range of time
that contains the main peak.  For this reason, for comparisons of bursts characteristics to
the duration, the value D90 will be used, which is herein defined for each burst as the
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time needed for the fitted integrated flux measured in photon counts per second to
increase from 5% to 95% of the fitted fluence.  Equivalently, D90 is the length of time
that spans the center 90% of the area under the MADS function.
Figure 20 presents, for only the single peaked bursts, the value of T90 and D90.
Values of T90, as previously mentioned, will usually be greater than the corresponding
value of D90 due to emissions not contained within the single peak.
It is noticed that some values of D90 are greater than the corresponding T90.  In
examining the data for these bursts, it is found that the low amplitude bursts are
preferentially in this category.  Therefore, the MADS function is most likely exhibiting a
bias for inclusion of background for low intensity bursts.
D90 (s)








Figure 20: Comparison of T90 with D90. The solid line is T90=D90
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2.21 V/Vmax
The values of the measured peak intensity (Cmax) in comparison with the
minimum intensity needed for a burst to be detectable (Cmin) can be used as a statistical
value of spatial separation of the source and detector.  The value V/Vmax is defined as
(Cmax/Cmin)-3/2, and results in a value for individual bursts between 0 and 1, with values
approaching 1 for bursts that are observed near the limits of detection, and values near 0
for bursts that have peak flux much greater than the standard deviation of the background
noise.
Figure 21 presents histograms of V/Vmax for the entire population of BATSE
bursts and the FRED bursts in the database.  Coupled with Figure 19, we see that FREDs
are representative of a larger portion of the population of long BATSE bursts.  Stern
(1999) and Fenimore et al (2000) showed that the more variable a GRB is, the more
luminous it will be.  FREDs by definition are smooth with low intrinsic variability, and
therefore should statistically be of low luminosity. It is expected then that the most


















3.1 Duration Measurements and Fitted Parameters
Figure 22 shows a correlation between the sum of the A3 and A2 coefficients and
the values of D90.  It is not unexpected that these two are related, however, the
correlation is stronger because FREDs have values of A2 and A3 that are independent of
amplitude.   The data show a linear trend for low values of A2+A3, with a decreasing














Figure 22:  D90 versus the sum of A2 and A3
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Figure 23 shows amplitude plotted against D90.  It is seen that the
dimmer bursts are on average longer than the brighter bursts.  This is due to
many factors including the burst luminosity distribution and relativistic stretching
due to Hubble expansion.
D90 (s)








Figure 23:  MADS amplitude versus D90
3.2 A2+A3 as a Measure of Distance
From Figure 22 it is easily seen that the sum of the MADS parameters A2 and A3
is a good indicator of duration, and as such it can be compared with measures of burst
brightness such as amplitude to obtain morphological trends.  Figure 24 shows, for the
sample of FREDs, amplitude plotted against A2+A3.
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A2+A3 (s)








Figure 24:  Log-log plot of amplitude against A2+A3
This figure illustrates that the average dim FRED has a longer duration than the
average bright FRED. GRBs have been shown to have origins at cosmic distances
(Schilling, 1997). As mentioned above, there should then be an effect due to relativistic
time dilation. However, it is not yet clear how significant that effect (1+z) will be in
altering the shape of a typical FRED.
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A clearer dependence of A2+A3 on distance is shown in Figure 25. Here there is a
clear trend for an increase in A2+A3 with increasing V/Vmax.  A linear regression was
performed (line in Figure 25), giving a slope of 0.70, and an intercept of 0.46.
V/Vmax











Figure 25: Plot of log (A2+A3) against V/Vmax
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Figure 26 implies an increasing burst asymmetry as the amplitude is decreased.  It
is clear that the more asymmetric bursts are, on average, less bright. The physical
meaning of this is presently unclear, but if discovered, could help limit models of burst
formation.
A3/A2








Figure 26:  Amplitude versus FRED asymmetry
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The following graph, Figure 27, shows no particular dependence of duration on
asymmetry.  This can be interpreted that asymmetry does not affect burst duration in the
generation stage.
A3/A2









Figure 27:  A3+A2 versus burst asymmetry
.
It is proposed here that the most important characteristics of the time profile of a
FRED are amplitude, duration, and asymmetry.  Both duration and amplitude are affected
in a semi-predictable, model-dependent way as a burst travels through space.  The
asymmetry of a burst should not change much due to travel, so one can conclude that, to
first order, this characteristic is imposed at the time of generation.
42
3.3 A1 and Amplitude
As detailed in Section 2.5, A1 is the time at which both the rising and falling
terms are equal to 0.5.  It is seen in Figure 28 that the amplitude depends highly upon A1
for A1<1s.  Value outside of this range show no trends and were omitted to accentuate
this trend.
A1 (s)







Figure 28: Amplitude vs. MADS offset A1
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As above, a comparison to V/Vmax is needed, and is shown as Figure 29.  A
linear regression was performed (line in figure) for values of A1 less than 5s, giving a
slope of –3.5s, and an intercept of 0.98s.   The slight decrease in A1 with increasing
V/Vmax could be a signature of cosmological time dilation, but that conclusion would
require an analysis beyond the scope of the present work.
V/Vmax
















We have had two goals in this work. First, the tables presented above, and the
associated parameter distributions, are provided as a catalogue to help guide theorists in
the creation of possible GRB models.
Secondly, and more importantly, we have shown that there are correlations
between FRED asymmetry and distance (V/Vmax) and FRED duration and distance. It is
possible, by assuming a standard cosmological model, to use the correlations in this work
to extrapolate back to characterize the shape of the FREDS as they are at the burster site,
before they are dimmed and affected by relativistic stretching. To do this would require a
multi-spectral analysis and is beyond our intention here. However, we hope that the
findings in this work serve as a starting point for those analyses.
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